1. Introduction {#sec1}
===============

Recently, a surge in demand for biodegradable implants has created a huge interest in fast production of quality bone repair biomaterials.^[@ref1]^ Cobalt-chromium alloys, titanium alloys, and stainless steels are some of the candidates employed for internal bone repair, leading to their higher strength.^[@ref2]^ Moreover, temporary implantation, which does not limit progressive bone growth and prevents stress shielding, is suggested for patients less than 40 years old. However, a second surgery is often required for its retention and removal.^[@ref3]^ Biodegradable and biocompatible materials are suitable for helping in the recovery of tissues damaged without transient loss of mechanical support. These materials eventually dissolve in the body after a certain period of time without giving the need for a second surgery. Various forms of biodegradable polymers have been utilized for such purposes, which include polyglycolic acid (PGA), poly(α-hydroxy acid)s, polydioxanone (PDS),^[@ref4]^ and polylactic acid (PLA).^[@ref5]^ Polylactic acid plays an important role in bioabsorbable or biocompatible materials and medical applications due to hydrolyzing its essential α-hydroxy acid on the localized tissue having no carcinogenic effects. Furthermore, polylactic acid has several benefits, i.e., derived from natural resources and better thermal processing capability than other biopolymers. Despite its useful features, polylactic acid has some drawbacks to be a complete substitute to improve load-bearing bone ability due to its poor toughness. Various methods have been explored to improve the mechanical properties of polylactic acid. In a study by Weiler et al., pure PLA rods fabricated by the extrusion process exhibited an enhanced bending strength of 200 MPa and modulus of 9 GPa as compared to conventional injection molding showing a bending strength of 140 MPa and modulus of 5 GPa.^[@ref6]^

Currently, permanent and long-lasting metallic implants due to their influential high strength and corrosion resistance are used to fix the bone damage and fracture. They have been widely used as the load-bearing implants for bone healing and repair of damaged tissues.^[@ref7]^ Despite the advantages of permanent implantation, they have two key problems. First, they cause stress shielding leading to the reduction of load borne by the bone by the implant results in osteopenia.^[@ref8]^ This effect is produced by a mechanical mismatch in elastic modulus between the surrounding bone (10--45 GPa) and implant (100--200 GPa).^[@ref9]^ Second, when the tissues heal sufficiently for a certain period of time, the metallic implant must be taken out from the body by using a secondary surgical intervention, which causes an increase in cost to the health care system and emotional stress to the patient. Several studies have been reported that focus on adding different filler materials as reinforcements to PLA to enhance mechanical properties. These include bioactive glass, chitosan, magnesium alloy rod, and titania nanoparticles.^[@ref10]−[@ref14]^

Incomplete dissolution of these materials in the body can leave a lasting effect in the living tissue; therefore, fully degradable bio-materials are required. Amongst the fully biodegradable implants, Mg-based implants have become an incipient material having high specific strength and low density notably in biomedical application due to their exceptional biocompatibility for the repairing of bone and coronary arterial stents.^[@ref15]−[@ref17]^ Magnesium is necessary for human metabolism and is the fourth most abundant cation in the human body, around 25 g of Mg stored in the human body and about half of it contained in the bone tissue. Furthermore, Mg is a cofactor for various enzymes, which stabilizes the structure of RNA and DNA. Gu et al.^[@ref18],[@ref19]^ found that the corrosion product layer formed on the surface of AZ31 Mg alloys during immersion in the simulated body fluid results in an improvement in the alloy's corrosion resistance, which basically depends on the thickness of the compact layer. However, chemically aggressive environments that include chloride ions can accelerate the degradation rate, fast deteriorating the mechanical properties of Mg alloys.^[@ref20]−[@ref24]^ Another issue arises with the formation of hydroxide ions and release of hydrogen during Mg degradation. This leads to tissue damage in the vicinity of the implant while also decreasing the implant's mechanical strength due to rapid gas evolution and an increase in pH to the alkaline region.^[@ref25],[@ref26]^ Surface treatments have shown to decrease degradation rates in the case of Mg alloys.^[@ref27]^ A common surface modification includes laser surface alloying,^[@ref28]^ conversion coatings,^[@ref29]^ alkaline treatment,^[@ref30]^ microarc oxidation,^[@ref31]^ and sol--gel coating.^[@ref32]^ From the listed possible treatments, microarc oxidation presents a more convenient and economical route to enhanced surface behavior.^[@ref33]−[@ref38]^ The microarc oxidation (MAO) technique of Mg alloys has been subject to extensive research in the past few years. Wilke et al.^[@ref39]^ reported that MAO-coated AZ31 Mg alloys considerably enrich the corrosion resistance in the simulated body fluid. Sankara Narayanan et al. found that MAO treatment could improve the bonding strength of the Mg alloy substrate.^[@ref40]−[@ref44]^ Therefore, microarc oxidation is an appropriate technique to achieve corrosion-resistant bio-ceramic coatings. According to the research reported, the main focus has been toward an improvement in degradation rate. Porosity in the outer structure of the alloy, obtained through MAO, improves the mechanical interlocking while also increasing the bonding area, which in turn improves stress distribution at the surface interface of the joints. Therefore, the microstructure of the porous layer may directly influence the adhesion property and load-bearing capacity of the Mg rod. The MAO layers depend on the electrolyte concentration and experimental factors such as voltage applied, current density, and time. NaCl solution has been used to reveal the influence of oxidation time on degradation resistance of MAO coatings on Mg alloys.^[@ref45],[@ref46]^ Hank's solution is used to study the effect of coated Mg alloys in biological conditions. However, the influence of oxidation time on MAO-coated AZ31 alloys in Hank's solution has not been reported. Considering the adaptability of the MAO process in a chemical solution and topographic amendments of the implant surface and its significant positive role in bone regeneration, we hypothesized that the MAO may be a favorable candidate in the fabrication of the necessary designs as mentioned above. In the present study, our research is focused on the in vitro degradation and surface treatment of the Mg alloy rod-reinforced PLA composites. The study tried to explain the external effect of the Mg rod treated with MAO at different frequencies and the influence on the mechanical properties of PLA composites, morphology change, porosity, and degradation resistance of Mg/PLA composites, which help to apprehend the substantial effects of the Mg rod on the degradation and biocompatibility of the PLA matrix.

2. Experimental Procedure {#sec2}
=========================

2.1. Materials Preparation {#sec2.1}
--------------------------

Industrial grade Ingeo 3251D polylactic acid (Shenzhen Esun Industrial Co., Ltd., China) was purchased (density: 1.24 g/cm^3^, molecular weight: 60,000 g/mol, and melt flow index: 160 °C) and was reinforced with AZ31 rod (diameter: 2.44 mm, and height: 60 mm; elemental composition: 96% Mg, 3% Al, and 1% Zn in wt %).

2.2. Coating Preparation {#sec2.2}
------------------------

Prior to the MAO treatment, AZ31Mg rods were ground to 1000 grit size with SiC sandpaper for higher surface roughness, then they were washed with ethanol in an ultrasonic cleaner for 20 min. Microarc oxidation treatments were performed in the solution containing Na~2~SiO~3~ (13 g/L), Na~3~PO~4~ (5 g/L), and NaOH (2.5 g/L). Potential was applied at frequencies of 400, 600, 800, and 1000 Hz with the same duty cycle as shown in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. Macroscopic pictures of the pure Mg rod, pure PLA, and MAO-treated surface were taken. As can be seen in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a, the Mg rod is surface treated at 400, 600, 800, and 1000 Hz. The coating thickness and surface roughness can be seen to increase as the pulse frequency increases.

![Demonstration of the preparation process of PLA-clad MAO-treated Mg composite rods.](ao0c00836_0001){#fig1}

###### Microarc Oxidation Process Parameters

  material           pulse frequency (Hz)   applied voltage (V)
  ------------------ ---------------------- ---------------------
  Mg rod (2.44 mm)   400                    280
  Mg rod (2.44 mm)   600                    280
  Mg rod (2.44 mm)   800                    280
  Mg rod (2.44 mm)   1000                   280

2.3. Fabrication of Composites by Injection Molding {#sec2.3}
---------------------------------------------------

Mg rods were used to fabricate composite rods by plastic injection molding (PIM) as shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b. The untreated Mg rods and those treated with microarc oxidation were inserted in the die prior to the introduction of PLA pellets into the hopper. Composite samples were finally cooled to room temperature before being taken out of the die. Pure PLA samples were also made by plastic injection molding. Schematic demonstration of PLA-clad MAO-treated Mg-composite rods preparation is illustrated in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}.

2.4. Coating Characterization {#sec2.4}
-----------------------------

Surface morphologies were carried out by field-emission scanning electron microscopy (SEM). The cross-sectional SEM micrographs were used to calculate the sample thickness. The phase structure was analyzed by X-ray diffraction (XRD) (D8-Discover, Bruker) using the following conditions: Cu Kα radiation (wavelength λ = 0.154 nm) in the range of 5--70°, acceleration voltage of 40 kV, current of 30 m/A, scanning step of 0.02 (C°)/step, and scanning speed of 2 s/step.

2.5. Mechanical Properties {#sec2.5}
--------------------------

Three-point bend and tensile tests using MTS's universal testing machine (UTM, model CMT4503) were carried out at room temperature with a strain rate of 1 mm/min. For the tensile test, the PLA-clad Mg rod was used with a diameter of 4 mm and height 40 mm. For the bend test, the PLA-clad Mg rod was used with a diameter of 4 mm and height 7 mm. In order to analyze the degradation kinetics, samples were immersed in Hank's solution. The amount of H~2~ released was measured with immersion time. To measure the H~2~ release in Hank's solution, a 20:1 solution of media volume (mL) to specimen surface (cm^2^) was used. An inverted glass funnel was used with a burette to capture H~2~. The levels of burettes were measured three times a day in relation to the area of the sample.

2.6. In Vitro Immersion Testing {#sec2.6}
-------------------------------

A PE bottle containing 15 mL of Hank's solution was made to study the degradation rate and corrosion resistance. The sample was put in the bottle and placed in the thermostat oscillating slot at (37.5 ± 0.5) °C. The bare surfaces of PLA-clad rods were inserted into the epoxy resin on both sides. ISO 10993-12 was followed for in vitro tests.^[@ref34]^ Treated and untreated rods were soaked in the solution for 3, 7, 14, and 30 days. After that, treated and untreated rods were washed with distilled water and then dried in air. Pre- and post-immersion cross-sectional and surface microstructures and morphologies were characterized by SEM.

2.7. Weight Loss Test {#sec2.7}
---------------------

The weight loss method is usually considered to be the most basic and reliable method to analyze the corrosion degree to study the change in composites during the soaking process. The coated and uncoated specimen was soaked for different days and was measured at a different time period to calculate the corrosion rate of weight loss. The weight loss rate formula is presented as follows:where *m* is the mass of the samples after immersion (g), ω is the weight loss rate (%) and *m*~0~ is the initial mass of the sample before soaking (g).

3. Results and Discussion {#sec3}
=========================

3.1. Microstructure and Surface Morphology {#sec3.1}
------------------------------------------

Macroscopic photos of PLA-clad MAO-treated Mg rods, PLA-clad Mg rods, and pure PLA rods are shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}. The surface morphology for the coatings produced at different frequencies as observed by SEM. As seen in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a, at a low frequency of 400 Hz, the oxidation coatings showed round shrinkage pores in the center of some dense crater-like areas. A developed melt network was also formed at 400 Hz. As seen in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b, at a slightly higher frequency of 600 Hz, the pore size can be observed to increase a little. Some of the pores can be seen to have merged, leading to large elliptical shapes. At a frequency of 800 Hz ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}c), the trend for an increase in pore size continued. The pores have now changed from being more round in shape to more elliptical. This is because the fraction of smaller, round pores may have eliminated or agglomerated, leading to a larger number of large, elliptical pores. Finally, as shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}d, a loose grained, larger pore morphology can be observed at 1000 Hz. The pore size increased with an increase in arc frequencies. Higher frequencies during microarc oxidation seem to have merged small pores, resulting into larger ones that can be classified as small craters present on the surface. These larger pores extend hardly up to a micron beneath the surface of Mg.

![Photographs of (a) prepared samples at various surface-treated MAO process, Mg sample, and pure PLA sample and (b) PLA-clad MAO-treated Mg rods, PLA-clad Mg rod, and pure PLA rod.](ao0c00836_0006){#fig2}

![Surface morphology of MAO coatings produced at various pulse frequencies: (a) 400 Hz, (b) 600 Hz, (c) 800 Hz, and (d) 1000 Hz.](ao0c00836_0007){#fig3}

In [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}, the cross-sectional morphologies of the MAO coatings treated at various pulse frequency times are illustrated. The thickness (approximately 5 μm at 400 Hz) increases with pulse frequency till 800 Hz (10 μm). A 400 Hz frequency showed the thinnest coating as in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a. A higher coating frequency of 600 Hz results in a slightly thicker MAO coating. The surface of the magnesium alloy has good wetting with PLA. Good wetting can effectively avoid the formation of voids at the interface due to poor infiltration, thus avoiding cracks caused by stress concentration. [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}c shows the sample with the thickest layer having a relatively smooth and uniform thickness, and this sample was coated at 800 Hz. The average coating thickness was measured to be around 10 μm. However, at 1000 Hz, the uniformity in coating thickness changes and the surface becomes rough. Some areas can be seen to have a coating thicker than 10 μm, while other surfaces have a coating thickness of 5 μm or even lesser. This results in the formation of more local voids caused by portions of the disintegrated surface. At higher pulse frequencies, there is a high temperature and pressure generated by a longer discharge length, causing the coating to undergo local melting and deterioration as shown in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}d. By comparison, the untreated surface of a PLA-clad Mg rod shows an observable gap between Mg and PLA ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}e), which arises due to a lower wettability of Mg with PLA. Mechanical stresses, such as tensile and shear, will cause material failure at low values due to a relatively weak interfacial bonding strength.

![SEM micrographs of the cross section of composites rod: (a) PLA-clad MAO-treated Mg rod at 400 Hz, (b) PLA-clad MAO-treated Mg rod at 600 Hz, (c) PLA-clad MAO-treated Mg rod at 800 Hz, (d) PLA-clad MAO-treated Mg rod at 1000 Hz, and (e) PLA-clad Mg rod.](ao0c00836_0008){#fig4}

The interfacial strength between the metal and the polymer is based on the morphology and chemical composition of the surfaces in contact. Many studies have shown that oxidation of metal surfaces can significantly improve the binding energy between the metal and the polymer.^[@ref47]^ It is generally believed that this increase in interface binding is mainly due to the intercalation of O^--^ and the H^+^ ions of the polymer. In addition, the O^--^ and Mg^+^ ions in the film forming MgO can also significantly improve the interface binding.

After the microarc oxidation process on the Mg rod, a micro-porous structure is uniformly distributed on the oxide film as shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}. During fabrication of composite rods, polylactic acid enters into these pores, resulting in the mechanical locking effect, thereby improving the adhesion between polylactic acid and magnesium alloy. In addition, the presence of O atoms in the film also can cause intermolecular forces between the two, which are the main factors in the improvement of the interfacial bonding strength.^[@ref45]^ Thus, the interfacial forces between the microarc oxidized magnesium alloy and polylactic acid are provided by intermolecular forces and mechanical locking effect. [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} shows the results of XRD patterns of the MgO-coated and non-coated Mg rods. The observed peaks in the XRD of coated rods were known as MgO, signifying the formation of MgO ceramic porous coating due to AO treatment.

![X-ray diffraction (XRD) patterns of the surface of pure and MAO-treated Mg rod.](ao0c00836_0009){#fig5}

3.2. Mechanical Properties {#sec3.2}
--------------------------

Tensile and bend tests of PLA and Mg were performed to determine the binding strength. The tensile strength of pure PLA and composite rods is shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}a. The tensile strength of the pure PLA sample was measured to be ∼60 MPa. The composite rod showed that the external PLA layer fractured before the internal Mg rod, leading to failure of the material, as shown in [Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}a. The ultimate tensile strength (UTS) of the Mg-PLA rod was 69 and Mg-MAO-PLA rod at 400, 600, 800, and 1000 Hz corresponds to the bars, which show values of 95, 110, 124, and 117 MPa, respectively. The strength of the composite rod showed a significant increase in strength as compared to pure PLA. Furthermore, the MAO-treated Mg rod showed higher values of UTS as compared to the untreated rod. This implies that the intermediate MgO layer plays a crucial part in the improvement of physical properties as it enhances the interfacial adhesion between the PLA and Mg interfaces. The tensile strength of the composite samples increases with an increase in MAO frequency, reaching a maximum for samples treated at 800 Hz. This effect can be attributed directly to the thickness and morphology of the MgO film, as discussed previously in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}. During the bend test as shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}b, the pure PLA rod showed an ultimate strength of ∼118 MPa. However, only the outer PLA fractured for the composite rod, as shown in [Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}b. The ultimate bending strength values of the Mg-PLA rod and Mg-MAO-PLA rod at 400, 600, 800, and 1000 Hz were around 198 and 206, 206, 211, and 216 MPa, respectively. However, for the bend test, a significant increase in the ultimate strength values for MAO-treated samples is not seen. It can be inferred that the Mg-PLA adhesion makes a significant role in enhancing the tensile strength of the composites as compared to the bend strength. [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"} shows the results of XRD patterns of the MgO-coated and non-coated Mg rods. The observed peaks in the XRD of coated rods were known as MgO, signifying the formation of MgO ceramic porous coating due to AO treatment.

![Tensile and bending strength of composite rods and pure PLA sample.](ao0c00836_0010){#fig6}

![(a) Post-tensile and (b) bending test pictures of pure PLA and composite rods.](ao0c00836_0011){#fig7}

3.3. Post-immersion in Hank's Solution {#sec3.3}
--------------------------------------

### 3.3.1. Tensile Strength {#sec3.3.1}

To evaluate the mechanical stability of six different samples when soaked in Hank's solution, the tensile and bend tests were carried out after 3, 7, 14, and 30 days of immersion. [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"} shows the tensile test results as a function of number of days immersed in solution. An overall decrease in the tensile strength values with increasing immersion time can be observed. The tensile strength values of 400 Hz MAO-treated Mg composite rods become equal to Mg-PLA when measured on the 14th and 30th day. With prolonging the immersion time, the micro-anchoring mechanism between the MgO and PLA layer weakens and may disappear entirely as shown in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}a--d, eventually resulting in a drastic decrease in their binding strength. Therefore, the UTS of the pure Mg-MAO-PLA rod treated at 400 Hz is eventually reduced from ∼95 to 55 MPa after 14 days of immersion. The UTS of the pure Mg-MAO-PLA rod treated at 600, 800, and 1000 Hz decreases relatively slower, from ∼111 to 71 MPa, ∼125 to 76 MPa, and ∼117 to 74 MPa after 30 days, respectively. Immersion also leads to severe cracking and roughening of the surface of PLA-clad Mg samples as seen in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}q--t, implying that corrosion decreases the binding capacity between the Mg/PLA interface. The tensile strength of pure PLA-clad Mg samples decreases from ∼69 to 53 MPa after 30 days. The tensile strength reduction is gradual for pure PLA as the degradation for it is slower in Hank's solution. It still has the lowest UTS throughout the immersion period due to its low mechanical properties at only ∼46 MPa after immersion for 30 days.

![Ultimate strength of five kinds of composite rods and pure PLA as a function of immersion time until 30 days.](ao0c00836_0012){#fig8}

### 3.3.2. Bend Strength {#sec3.3.2}

[Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"} shows the plot between bend strength verses immersion time. In the presence of the MgO layer made by the MAO-treated Mg substrate, the bend strength was found to be higher as compared to non-treated composite samples and pure PLA rod post-immersion. As shown in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}b--p, it shows that the porous MAO process smoothens with increased immersion time, while the micro-anchoring between the interface of PLA and MgO degrades until it disappears completely, leading to a very high reduction in the interfacial strength. The ultimate strengths of composite rods (treated and non-treated) display a slower reduction in bend strength even after 30 days of immersion as compared to tensile strength reduction. However, the decrease in bend strength of pure PLA is more significant, from ∼120 to ∼70 MPa after 30 days. When comparing MAO-treated and non-treated samples, strength retention in the treated samples was observed to be higher than that in non-treated samples. Hence, MAO treatment shows better strength retention properties. Furthermore, the MAO coating prevents pitting corrosion on the Mg rod during immersion ([Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}h--p).

![Ultimate bending strength of five kinds of composite rods and pure PLA rod as a function of immersion time until 30 days.](ao0c00836_0013){#fig9}

3.4. Immersion Degradation Behavior {#sec3.4}
-----------------------------------

### 3.4.1. Immersion Degradation Morphologies {#sec3.4.1}

Hank's solution was performed to test the long-term degradation treatment of coated Mg rods. [Figure [10](#fig10){ref-type="fig"}](#fig10){ref-type="fig"}a--d shows pictures of the treated sample at different frequencies at different immersion times. Degradation of samples was directly proportional to immersion time; however, it was much slower in all the PLA-clad composite rods. However, as shown in [Figure [10](#fig10){ref-type="fig"}](#fig10){ref-type="fig"}, all samples look the same when seen from the naked eye, but when the composites rods were exposed to dichloromethane solution, the PLA claddings were separated from the Mg rod surface.

![Composite rods after immersion in Hank's solution for (a) 3 days, (b) 7 days, (c) 14 days, and (d) 30 days.](ao0c00836_0002){#fig10}

The surface morphologies as revealed by SEM are shown in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}, where the column leads to immersed treated samples at different pulse frequencies and the untreated samples stripped of PLA, respectively; the row shows sample surfaces as a function of immersion time. From [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}, after just 3 days of immersion of the untreated sample, cracks begin to show up on the Mg surface. Increased immersion time results in higher degradation and shows more cracks, fractures, holes, and pits. On day 7, the composite sample surfaces show numerous small pinholes. Pits and corrosion products are formed gradually. Overall, the 1000 Hz samples, as shown in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}m--p, display a relatively uniform and smooth surface with little pitting, endowing the Mg alloy rod with greatly enhanced resistance to corrosion.

![Surface morphologies of the composite rods as a function of coating type and immersion time.](ao0c00836_0003){#fig11}

### 3.4.2. Weight Loss Test {#sec3.4.2}

[Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"} shows the mass variation of the four composites and pure PLA after 3, 7, and 14 days of immersion in Hank's solution. For pure polylactic acid (PLA), the weight decreased during the degradation process, but the weight change was little, and the weight loss rate was only 0.14% when soaked for a total of 14 days. The degradation and corrosion behavior of the composites prepared with treated and untreated magnesium alloy was also observed. The schematic diagram of the degradation process of PLA/MAO/Mg is shown in [Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}. When the etching solution through the PLA enters the interface between the MgO and PLA ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}b), the solution preferentially enters the pore film and start to dissolve the film from the pores ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}c). Due to the prolongation of soaking time, the PLA at the pores is degraded and destroyed, and the corrosion products of Mg(OH)~2~ accumulate at the pores, due to which the pore becomes clogged by the corrosion product, causing the pore diameter to expand ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}d). Finally, the mechanical locking between the PLA and layer is weakened, resulting in the decrease in the mechanical properties and interfacial bonding strength of the composite material. In the whole process of failure, the interface adhesion plays a significant role, and there is no serious corrosion of Mg alloys.

![Mg loss as a function of immersion time in Hank's solution.](ao0c00836_0004){#fig12}

![Schematic illustration of the degradation mechanism in four different stages.](ao0c00836_0005){#fig13}

4. Conclusions {#sec4}
==============

In this study, plastic injection molding was utilized to make PLA-clad Mg composite rods for bone fracture fixation applications. The following conclusions can be drawn from this research:1.Microarc oxidation films with different morphologies were prepared at different frequencies. It was seen that a higher frequency resulted in increased film porosity.2.The microarc oxidation films consisted mainly of a porous MgO ceramic layer on the Mg rod. The presence of the ceramic layer enriched the interfacial bonding between the Mg rod and outer PLA cladding, resulting in the PLA-clad Mg rod showing a higher tensile strength and degradation resistance in Hank's solution as compared to the uncoated PLA-clad Mg rod.3.It was found that Mg samples, surface treated at a 800 Hz pulse frequency, showed the best degradation resistance and mechanical properties after being immersed in Hank's solution as compared to other samples.4.An overall reduction in strength of the samples was perceived after immersion in Hank's solution. However, PLA-clad Mg samples had retained their strength more as compared to untreated samples.5.Non-treated PLA-clad Mg samples showed the highest weight gain after immersing in Hank's solution as compared to other treated PLA-clad Mg composites.
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